In July 2010, cacti with typical phytoplasma symptoms were observed in Yangling district, Shaanxi Province, China. Based on amplification of 16S rRNA gene, phytoplasmas were detected by polymerase chain reaction (PCR) driven with universal primer pairs P1/ P7, followed by a nested PCR with universal primer pairs R16F2n⁄R16R2. Fragments of expected sizes (1.8 kb and 1.2 kb) were obtained from symptomatic samples, but not from the asymptomatic samples. Sequencing results and BLASTn analysis of the 1806 bp products (P1/P7) showed that the phytoplasma belonged to group 16SrII. Phylogenetic analysis to the R16F2n⁄R16R2 region and virtual restriction fragment length polymorphism (RFLP) indicated that this phytoplasma was a member of subgroup 16SrII-C. This is the first reported occurrence of a peanut witches'-broom phytoplasma infecting plants in northern areas of China.
Cacti (Opuntia spp.) are perennial, evergreen, succulent plants native to arid areas of the Americas (Wei et al., 2007) . On account of their artistic appearance and economic value, many cacti have been cultivated and introduced to other parts of the world as ornamentals, forages or fruits. Cacti are sensitive to phytoplasma infection and develop characterized symptoms such as witches'-broom, green-mosaic patterns in the epidermis (Cai et al., 2008) , stunted growth and cladodes (Bertaccini et al., 2007) . A series of reports related to phytoplasma infections of cacti come out from several countries including China, Mexico, Italy and Lebanon, and these phytoplasmas belong, respectively, to the peanut witches'-broom group (16SrII) , the elm yellows group (16SrV) and the aster yellows group (16SrI) (Granata et al., 2006; Bertaccini et al., 2007; Cai et al., 2008; Zak et al., 2011) .
In July 2010, cacti with phytoplasma-like symptoms of newborn fleshy stem gathered on the old ones (witches'-broom) and stunted growth were observed in Yangling district, Shaanxi Province, China (Figure 1 ). Fleshy stem samples were collected from five symptomatic and two asymptomatic plants, respectively. The common parthenium witches'-broom phytoplasma belonging to subgroup 16SrII-A was used as reference strain (Li et al., 2011) .
Total DNA of the cacti stem sample was extracted using DNeasy Plant Mini kit (Qiagen) to avoid being affected by the high concentrations of polysaccharide, while the reference phytoplasma DNA was obtained by the cetyltrimethyl ammonium bromide (CTAB) method FIGURE 1 -Cactus with witches'-broom and stunted growth symptoms. (Kollar et al., 1990) . Based on the total DNA template, first polymerase chain reaction (PCR) amplification was performed with phytoplasma universal primer pairs P1/P7 (Deng and Hiruki, 1991) , followed by a nested PCR with universal primer pairs R16F2n/R16R2 (Gundersen and Lee 1996) . The first PCR amplicons were purified, cloned into pMD18-T simple vector (TaKaRa biotechnology Co.Ltd, Dalian, China) and transformed into Escherichia coli strain JM109. Five positive clones were selected and sequenced by TaKaRa (Dalian, China).
The nucleotide sequence data were analyzed by the LaserGene program (version 7.1.0, DNASTAR, Madison, USA). National Center for Biotechnology Information's (NCBI) BLASTn program (http://blast.ncbi.nlm.nih.gov/) was used to search the similar sequences from nucleotide sequence databases. DNAMAN software version 6.0 (Lynnon Biosoft, Canada) was employed to align the R16F2n/R16R2 region of the similar sequences and the target sequence one by one. A phylogenetic tree was constructed by the neighbour-joining method with a 1000-replicate bootstrap search using MEGA4 (Tamura et al., 2007) . Virtual RFLP analyses were performed by in silico digestion analysis of the R16F2n/R16R2 region of the 16S rRNA gene sequences with the 17 restriction endonucleases previously designed for phytoplasma classification (Lee et al., 1993) . Virtual RFLP pattern identification and similarity coefficient calculation were performed with a Perl program developed by Wei et al. (2008) .
The expected sizes of 1.8 kb and 1.2 kb fragments were obtained from both symptomatic samples and positive controls, but not from the asymptomatic samples. The five selected clones produced identical fragments (1806 bp) and one sequence was deposited in GenBank (Accession No. JN582265). We denominated it as cactus witches'-broom phytoplasma strain Yangling (CaWB-YL).
BLASTn analysis retrieved 100 nucleotide sequences with high identity to JN582265. These 100 sequences were from phytoplasma 16S rRNA gene sequences related to the peanut witches'-broom group, and 30 of them were from cactus witches'-broom phytoplasmas. The CaWB-YL sequence (JN582265) showed the lowest identity, of 96.79%, with AY169322 (alfalfa witches'-broom phytoplasma) and the same highest identity (99.92%) with 16 sequences which include 10 cactus witches'-broom phytoplasma sequences (EU099561, EU099560, EU099554, EU099553, EU099565, EU099559, EU099550, EU099564, EU099562, EU099557); for others, the identity with CaWB-YL ranged from 96.87% to 99.84%.
The phylogenetic tree based on the CaWB-YL R16F2n/R16R2 region of 16S rRNA and those from 25 other phytoplasmas shows that CaWB-YL and the eleven 16SrII group phytoplasmas are in the same branch. Furthermore, within this branch, CaWB-YL clusters with member of subgroup 16SrII-C (Figure 2 ). The virtual 16S rRNA RFLP patterns of CaWB-YL were identical to those from representative strains of the 16SrII-C subgroup (Figure 3) . The pairwise similarity coefficients between CaWB-YL and representative strains of 16SrII subgroups were above 0.92, and the cactus witches'-broom phytoplasma isolate YNO1 (AJ293216), a member of 16SrII-C, has the highest one (1.0) with CaWB-YL (Table  1) . These results confirm that CaWB-YL is a member of subgroup 16Sr II-C.
In recent years, more than 40 phytoplasma-associated diseases have been reported in China according to the Science Citation Index (SCI) (Figure 4) . Phytoplasmas of groups 16Sr-I, -II and -V seem to be the most important ones, considering the high number of diseases they cause. Phytoplasmas of groups 16Sr-I and -V, however, are distributed more widely than the ones of group 16SrII; the former occurred in both northern and southern areas of China, while the latter were reported only in Hainan and Yunnan provinces, which are located in southern areas of the country (Figure 4 ). The climate of these two southern provinces is tropical and subtropical, and the presence of phytoplasmas of group 16SrII is not unusual, for these phytoplasmas mostly occur in tropical and subtropical regions. But in the present study, a group 16SrII phytoplasma was found in northern Shaanxi province, which has a temperate climate. This could mean that group 16SrII phytoplasmas are moving northward in China. It may be because of the flower trade between northern and southern areas of China, or the vector has spread due to climate change. In fact, there is a similar report on the spread of tomato yellow leaf curl virus into temperate areas in China (Zhang et al., 2009) , in which climate change was also proposed as one possible explanation. Although the exact reasons are not yet clear, the finding of phytoplasma of group 16SrII in northern, temperate areas of China is a significant event.
